In order to study the response of terminal heat stress on carbohydrate accumulation and grain yield of three wheat cultivars namely BARI Gom 25, BARI Gom 26 and Pavon 76 were sown on 18 November, 2011 in experimental field of Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur in Bangladesh and two temperature regimes viz. normal (23°C in open field) and elevated (6 ± 1°C higher compare to open field mean air temperature in polythene chamber) were created. Elevated temperature shortened the grain filling duration by 5-day in BARI Gom 25 and BARI Gom 26 and 10-day in Pavon 76. Under elevated temperature condition grain starch synthesis was found to be stopped at 25 days after anthesis (DAA) in Pavon 76 which in BARI Gom 26 appeared 5-day later (30 DAA) in spite of higher level of soluble sugar in grain. Results indicate that early failure of conversion of sugar to starch rather than supply of soluble sugar under elevated temperature condition were responsible for shortening of grain filling duration and smaller grain size in all wheat cultivars. Smaller reduction of grain size and grain number along with smaller reduction of grain weight per main stem under elevated temperature condition finally contributed to sustain negligible loss of grain yield, biological yield and harvest index in BARI Gom 25 and BARI Gom 26 compare to Pavon 76.
Introduction
In many wheat growing regions high temperature during post anthesis period are major factor limiting its productivity. Wheat is thermo sensitive crop. The optimum temperature for wheat growth ranged from 15ºC to 18ºC (Choudhury and Wardlaw 1978) but the temperature requirement of the crop during reproductive growth phases lies within 22°C for optimizing its grain yield (Campbell and Read 1968) . In case of late sowing, temperature becomes stressful above 26°C, when a premature ripening of wheat is taken place (Aborl et al. 1991) and producing poorly develop grain in wheat (Hasan and Ahmed 2005) . Because the crop can not complete the major portion of grain filling period 1 Scientific Officer, Bangladesh Institute of Nuclear Agriculture, BINA Sub-Station Ishurdi, RARS Campus Ishurdi, Pabna, 2 Department of Crop Botany, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Salna, Gazipur-1706, Bangladesh. 206 KHATUN AND AHMED before the temperature rises up to the critical level. High temperature during the reproductive stage and grain-filling is one of the main causes of yield loss in wheat in Bangladesh. Post-anthesis heat stress in wheat induces several physiological effect which eventually result in smaller grain weight due to reduced grain filling period and starch synthesis duration or the combined effect of both (Hasan and Ahmed 2005) . Reduction of grain filling and starch synthesis duration is considered as one of the major environmental constraints that drastically reduce grain number per spike, grain size and grain weight per main stem and consequently significant reduction in wheat grain yield (Modhej et al. 2008, Gibson and Paulsen 1999) .
Under Bangladesh condition a large number of findings are available regarding late planting induced heat stress effect on grain yield and yield attributes (Sikder and Paul 2010) . In all of them, the temperature regimes were created by seeds sown on different sowing dates. There are fewer reports so far in which two temperature regimes were created by seeds sown on same day to study the response to terminal heat stress. This study was to investigate the response of elevated temperature on carbohydrate accumulation and grain yield in recently released wheat cultivars.
Materials and Method
The experiment was conducted at the research farm of Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur during November, 2011 to April, 2012. In this experiment recently released two potential heat tolerant wheat cultivars namely BARI Gom 25, BARI Gom 26 along with a heat sensitive check wheat cultivar Pavon 76 were planted using split plot design with four replications under two growing condition viz. open field temperature and elevated temperature (Polythene Chamber). Seeds were sown on 18 November, 2011 in rows of 20 cm apart (at the rate of 120 kg ha -1 ). The unit plot size was 3m x 3m having a plot to plot distance of 1.0 m. In each of this 3m x 3m plot, 1.5 m x 1.0 m area was covered by transparent polythene sheet. The chambers were constructed using bamboo frame of 1.5 m high keeping 30 cm open space near the ground surface. Light intensity during maximum grain filling was found 1280 µ mol m -2 S -1 in open field and 950 µ mol m -2 S -1 in polythene chamber which is higher than its normal light intensity. Normal light intensity requirement for wheat was 610 µ mol m -2 S -1 reported by Gerbaud and Marcel 1980. Cow dung 8500 kg ha -1 and other fertilizers such as N 60 kg ha -1 (as Urea), P 140 kg ha -1 (as TSP), K 100 kg ha -1 (as MOP) and S 110 kg ha -1 (as Gypsum) were applied as per recommendation (FRG 2005) . Irrigation was given to maintain more or less a RESPONSE OF ELEVATED TEMPERATURE ON CARBOHYDRATE 207 field capacity and to avoid the drought stress. Mean air temperature was recorded everyday at noon period (2 pm to 3 pm) using maximum-minimum thermometer from 5 days after anthesis (DAA) up to the maturity of each cultivar. Main shoot of 100 individual plants were tagged to confirm the equal exposure of elevated temperature starting the first appearance of anther emerged from the spike in each plant. Tagged ten spikes of main shoots were sampled at 5-day intervals starting from anthesis to 40 DAA and sampled spikes were oven dried at 70°C for 72 hours. After oven drying grains were sampled from the middle portion of the spike and their weight was taken with analytical balance (Model: AGN220C). The grain samples were used for sugar and starch analysis. Soluble sugar and starch content of grain was determined using the method of Yoshida et al. (1976) .
Plants were hand-harvested by cutting them at ground level. Then grain 1000-grain weight, grain number per spike and grain dry weight per main stem was measured. The husk, straw and representative samples of grain were dried in sun properly to obtain grain yield and biological yield expressed in t/ha. Harvest index was calculated by the following formula-
The relative performance was calculated as Asana and Williams (1965) by the following formulaAll statistical analyses were performed by MSTAT-C program. The treatment means were compared using Duncan's Multiple Range Test (DMRT) at 5% level of significance. Graphical representation and simple data were calculated by using Microsoft Excel.
Results and Discussion
Wheat cultivars were grown in open field temperature condition where daily mean temperature during reproductive growth stage was recorded 23°C (ranging from 18.5 to 25.5°C) (Fig. 1) . But under elevated temperature condition in polythene chamber the daily mean temperature was raised by 6 ± 1°C compare to open field mean air temperature. Generally optimum temperature for reproductive stages of wheat lies within a range of 22 -26°C temperature (Campbell and Read 1968; Mullarkey and Jones 2000; Tewolde et al. 2006 ) and premature ripening of grain was occurred above 26°C (Aborl et al. 1991) . Elevated temperature condition accelerated the physiological maturity of all wheat cultivars and hence reduced their grain filling duration. Under elevated temperature condition grain filling duration was 25-day in Pavon 76 and 30-day in BARI Gom 25 and BARI Gom 26 (Fig. 2) . But under open field temperature condition grain filling duration in all wheat cultivars were 35-day. Therefore due to elevated temperature grain filling duration was reduced by 5-day in two BARI Gom cultivars and by 10-day in Pavon76. Reports are available on heat stress about shortened grain filling period (Dias and Lidon 2009) . Varietal difference in reduction of grain filling duration was also reported in wheat indicating a larger reduction in heat sensitive cultivars compared to heat tolerant cultivars (Hasan and Ahmed 2005 Fig. 3.A) . Thus compared to BARI Gom 26, starch synthesis was stopped about 5-day earlier in Pavon 76 due to elevated temperature conditions. It was clearly indicate that heat stress effect was more pronounced in Pavon 76 and also appeared here that the end of grain filling duration and starch synthesis duration was almost equal in both of the wheat cultivars and growing temperature condition. At physiological maturity, it is clearly noticed that the grain starch synthesis was terminated in presence of adequate amount of grain soluble sugar under elevated temperature condition due to some limiting factors in synthesis of starch from soluble sugar in grain. Premature of grain development under heat stress condition had been reported due to limited enzymatic function involving sugar to starch conversion (Denyer et al. 1994; Jenner 1994; MacLeod and Duffus 1988) . It appeared here that elevated temperature restricted starch synthesis more prominent in heat sensitive cultivars compare to heat tolerant cultivars (Yang et al. 2002; Hasan and Ahmed 2005) .
Under elevated temperature condition 1000-grain weight was reduced in all wheat cultivars. Such reduction was more pronounced through percent reduction of 1000-grain weight. Maximum reduction of 1000-grain weight was observed in Pavon 76 and minimum in BARI Gom cultivars due to high temperature (Fig. 4) . Under elevated temperature condition poor grain development in Pavon 76 compared to the other genotypes was contributed by the heat sensitiveness of grain filling and starch synthesis duration. High temperature enhanced the reduction in grain filling duration which ultimately resulted in smaller grains (Rahman et al. 2005) .
Under open field temperature condition, Pavon 76 had the maximum number of grain per spike (56.38/spike) but under elevated temperature condition the highest grain number was observed in BARI Gom 26 (47.65/spike) (Fig. 5.A) . Pavon 76 showed the maximum reduction (25%) in number of grain per spike (Fig. 5 .B) due to completely failure of grain development for poor cell division and cell enlargement in grain under high temperature condition. Result indicated that Pavon 76 affected more than BARI Gom 25 and BARI Gom 26 in producing grain number per spike at high temperature inside the polythene chamber. Exposure to high temperature above 30°C during 10 to 14 days after anthesis have been reported to contribute to the reduction of grain number in wheat by affecting primarily cell division and subsequently cell enlargement (Gibson and Paulsen 1999 The maximum percent reduction of grain dry weight per main stem ear was observed in Pavon 76 (22%) where as 11% in BARI Gom 25 and 8% in BARI Gom 26 (Fig. 6.B) . The result prevailed that Pavon 76 affected more than other BARI Gom cultivars in producing grain dry weight per main stem ear under elevated temperature condition which was contributed to the maximum reduction of 1000-grain weight and grain number per spike in Pavon 76. Increasing temperature (from 30 to 38°C), during reproductive phase, reduced the main stem grain weight by 20 to 44% (Tahir and Nakata 2005) . A significant reduction in main stem grain weight difference in five wheat cultivars had been reported by Fokar et al. 1998b . However in present experiment, the reduction of main stem grain weight was 8 to 22 % by raising daily mean temperature from 23°C to 29°C during post anthesis period.
Under elevated temperature maximum grain yield observed in BARI Gom 26 which was followed by BARI Gom 25 and the lowest grain yield observed in Pavon 76 which was statistically different from other cultivars ( Table 1) . The maximum percent reduction in grain yield and biological yield were observed in Pavon 76 than those in BARI Gom cultivars (Fig.7) . Under elevated temperature the lowest harvest index was observed in Pavon 76 which was statistically lower than the other two wheat cultivars (Table 1) . Harvest index decreased with an increase in mean temperature above 20°C applied 10 days after anthesis until ripeness (Gibson and Paulsen 1999) .
Elevated temperature reduced grain filling and starch synthesis duration which contributed to the reduction of grain size and grain weight per main stem that finally contributed to the reduction of grain yield. The elevated temperature during post anthesis period had more effect in Pavon 76 in terms of grain filling and starch synthesis duration which contributed to sustained prominent loss of grain yield, biological yield and harvest index in Pavon 76. On the other hand the minimal effect of elevated temperature finally contributed to sustain negligible loss of grain yield, biological yield and harvest index in BARI Gom 25 and BARI Gom 26.
